BACKGROUND: Fibromyalgia is a common, poorly understood musculoskeletal pain syndrome with limited therapeutic options.
F
ibromyalgia is a syndrome of chronic musculoskeletal pain that is commonly diagnosed, poorly understood, and difficult to treat. Fibromyalgia accounts for 15% of outpatient rheumatology visits and 5% of general medicine visits. 1 It is more common in females and the incidence increases with age. 2 Typical symptoms include chronic musculoskeletal pain and stiffness, tenderness over specific trigger points, fatigue, and disrupted sleep.
The role of psychological factors in the pathogenesis of fibromyalgia is controversial. Depressive symptoms are often present, but it has been difficult to determine if depressive disorders are a primary cause of fibromyalgia, or a reaction to the debilitating symptoms of this disease. It has been reported that over half of patients diagnosed with fibromyalgia have a lifetime history of depression, although active depression is present in only one third. 3, 4 Conversely, it has also been reported that the prevalence of depression is no higher in fibromyalgia than in rheumatoid arthritis or normal controls. 5, 6 While antidepressant therapy has been demonstrated to be efficacious in pain syndromes for which there is a well-established understanding of the pathophysiology, [7] [8] [9] the evidence regarding efficacy of antidepressants in other types of physical symptom syndromes such as fibromyalgia has not been critically reviewed.
The purpose of this paper is to systematically review the literature on the efficacy of antidepressive agents in the treatment of fibromyalgia and assess whether any demonstrated efficacy is independent of an effect on depression. JGIM depressive agents, serotonin uptake inhibitors, monoamine oxidase inhibitors, amoxapine, clomipramine, tramipramine, desipramine, doxepin, imipramine, amitriptyline, maprotiline, nortriptyline, protriptyline, trazodone, nefazodone, fluoxetine, fluvoxamine, paroxetine, sertraline, femoxetine, venlafaxine, bupropion, citalopram, mianserin, pizotyline, pizotifen, and fibromyalgia, fibrositis, fibromyositis. We used the Cochrane library, 10 searching the clinical trials registry for randomized trials, and the Cochrane Database of Systematic Reviews ( DARE ) for systematic reviews. We also searched Federal Research in Progress ( FEDRIP ) to identify unpublished literature. We searched the references of reviewed articles for additional articles missed by the computerized database search. All primary and review articles, as well as their references, were reviewed independently in duplicate.
Studies were screened for inclusion (through review of the published article) based on the following criteria: randomization of treatment, placebo control, at least 1 group receiving an antidepressant, and report of measurable outcomes. Each study was reviewed in duplicate for inclusion with substantial interrater agreement ( ϭ 0.70). Disagreements were arbitrated by consensus.
The quality of each included trial was assessed using a 6-item instrument developed and validated by Jadad. 11 The 6 items in this scale include description and appropriateness of randomization, adequacy of blinding, description of withdrawals and dropouts, appropriateness of statistical analysis, clear description of inclusion and exclusion criteria and a method to assess adverse treatment effects. Study quality was assessed independently in duplicate, with substantial interrater agreement (intraclass r ϭ .84). Disagreements were arbitrated by consensus.
Abstracted data included setting, country of origin, treatment characteristics (dose, duration, follow-up), demographics, number of participants enrolled, assessment of comorbid psychiatric disease, follow-up losses, adverse effects, and outcomes. Outcomes were extracted as either dichotomous or continuous variables (or both), depending on how they were reported in the studies.
All analyses were done using STATA, module "metan" (STATA Corp., College Station, Tex). Assessment for publication bias was done using the methods of Egger, 12 and heterogeneity of effect size was assessed using the methods of Mantel-Haenszel. A random effects model using the method of DerSimonian and Laird 13 was used to calculate the summary odds ratio, risk difference, summary mean symptom scores, and standardized mean differences. Analysis of the continuous outcomes involved comparing standardized differences in means between control and treatment groups. This approach is especially appropriate when studies measure the same concept but use a variety of continuous scales. By standardization, study results are transformed to a common scale (standard deviation units) that facilitates pooling. Additionally, we combined continuous data using the original units in those studies where similar rating scales were used.
A test for the relative influence of each individual study on the results was determined by sequentially dropping individual studies and calculating the resulting summary measures. The effect of year of publication, study design (parallel vs crossover), quality score, and drug class was assessed using meta-regression.
RESULTS
The literature search produced 41 citations involving antidepressants and fibromyalgia, 16 of which met initial inclusion criteria. [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] Of the 25 excluded articles, 9 were review articles, 5 did not include an antidepressant arm, 4 were not randomized trials, 2 were case reports, 2 were letters, 2 did not include a placebo arm, and 1 included multiple organic rheumatologic syndromes. On more detailed review of the 16 initially included articles, 3 were excluded from the synthesis of data for the following reasons: 2 had no extractable data, 18,28 and 1 was a report of 23 N-of-1 trials. 19 
Study Quality
The remaining 13 randomized, placebo-controlled trials had consistently high quality scores (mean 5.6, range 0-8). The mean sample size was 54 patients (range , and the mean trial duration was 8.1 weeks (range 3-24). Particular problems with the studies (see Table 2 ) included no statement on the method of randomization, 14, 17, 20, 21, [23] [24] [25] [26] [27] 29 no intention-to-treat analysis, 21, 22, [24] [25] [26] [27] 29 inadequate assurance that blinding was effective, 15, 24, 27 no method of assessing side effects, 16, 20, 21, 26, 27 and large losses to follow-up ( Ͼ 20%). 15, 21, 22, 24, 25, 29 
Qualitative Synthesis
Details of individual studies are presented in Tables 1  and 2 . Overall, the studies were remarkably similar in their diagnostic inclusion criteria, assessment of depression using validated tools (when measured), and outcomes measured.
The studies used very similar if not identical inclusion criteria for the diagnosis of fibromyalgia. Of the 13 studies with extractable data that were then included in the quantitative synthesis, 11 used either the American College of Rheumatology (ACR) criteria ( n ϭ 8) or the Smythe criteria ( n ϭ 3). 30 These criteria differ only by a requirement of a sleep disturbance in the Smythe criteria. However, given the wide prevalence of sleep disturbance among the populations of the other studies, this amounts to no effective difference in character of illness among the study populations. Both studies which did not use the ACR or Smythe criteria were older studies, 21, 27 but were remarkably similar in their inclusion criteria to the other criteria (Table 1) .
Outcomes assessments were similar across studies with extractable data, all using self-reported visual analog scales for fatigue, pain, well-being, and sleep, and physician assessments for number and severity of trigger points.
Based on the qualitative homogeneity of diagnosis, treatment, demographics, study design, and outcomes measured, we felt that quantitative pooling was appropriate to determine an overall effect of antidepressants for the various symptoms of fibromyalgia. Among the 13 trials with extractable data, 2 involved multiple arms comparing selective serotonin reuptake inhibitors (SSRIs), tricyclic anti-JGIM depressants, and placebo: amitriptyline versus fluoxetine 23 and clomipramine versus maprotiline. 21 Hence, a total of 15 different drug arms are included in this meta-analysis. The majority of arms (10 of 15) studied tricyclic antidepressants. Three tricyclic antidepressants were studied: amitriptyline in 8, and clomipramine and maprotiline in 1 each. Two trials used S-adenosylmethionine and 3 studied SSRIs (fluoxetine-2 trials, citalopram-1 trial, Table 1 ).
Quantitative Synthesis
Dichotomous outcome data were extractable from 10 of the articles. The dichotomous outcome effect sizes were homogeneous ( 2 ϭ 12.49, df ϭ 11; P ϭ .33) and demonstrated evidence of publication bias ( P ϭ .04). The resulting odds ratio for improvement with therapy was 4.2 (95% CI, 2.6 to 6.8; Figure 1 ). In order to quantify the clinical significance of the intervention in terms of number needed to treat (NNT) to improve the symptoms of 1 patient, we determined the pooled risk difference (0.25; 95% CI, 0.16 to 0.34). This risk difference translates into an NNT of 4 (95% CI, 2.9 to 6.3). In other words, 4 individuals would need treatment for 1 patient to experience symptom improvement.
Continuous outcomes were extractable from 10 trials. Five different continuous outcomes were extracted: the number of trigger points and pain scores from 10 trials, sleep and fatigue scores from 8, and overall well-being from 7. On tests for heterogeneity, pain severity ( 2 ϭ 22.0, df ϭ 9; P ϭ .009), fatigue ( 2 ϭ 14.2, df ϭ 8; P ϭ .08), and wellbeing ( 2 ϭ 15.5, df ϭ 7; P ϭ .03) effect sizes were found to be heterogeneous, while sleep ( 2 ϭ 4.9, df ϭ 8; P ϭ .8) and trigger points ( 2 ϭ 15.2, df ϭ 10; P ϭ .12) effect sizes were homogeneous (Figure 2 ). For more conservative estimates of summary effect given heterogeneity on 3 of the 5 continuous outcomes effect sizes, we synthesized data on all outcomes using a more conservative random effects model. The number of trigger points improved 0.17 standard devia- Using only the studies with similar rating scales, continuous data were combined using the original units (Table 3 ). This showed substantial relative improvement in each of the individual symptoms. None of the pooled continuous outcomes data indicated evidence of publication bias.
Assessment of Depression
Most of the studies systematically assessed for depression using validated instruments (Figure 2) . 15, [21] [22] [23] [24] [25] [26] [27] 29 However, only 5 of the 13 studies with extractable data report an analysis of a correlation between treatment effect and change in depression scores. 15, 23, 24, 26, 27 Of these, only 1 reported a correlation. 27 Thus, it cannot be determined from these studies whether any effect demonstrated is independent of an effect on depression.
Sensitivity Analysis
The findings were not overly influenced by any particular study, with the odds ratio varying from 3.2 to 4.9 and the summary mean difference from 0.7 to 1.1 standard deviation units with the sequential exclusion of individual studies from the analysis. Meta-regression showed no significant effect of year of publication (P ϭ .52), study design (P ϭ .65), study quality scores (P ϭ .22), or drug class (P ϭ .43).
DISCUSSION
Meta-analysis of these 13 published, good quality, randomized, placebo-controlled trials suggests that antidepres- sants reduce the symptoms of fibromyalgia. While most individual studies were not individually statistically significant, all published results graphically fell on the side of effectiveness and pooled results showed a significant benefit of antidepressants. On meta-regression, there was no variable or study which had a significant independent effect on the overall effect size, thereby minimizing what few qualitative differences there were in these studies. The probability of benefit is clinically appealing. Patients treated with antidepressants were more than four times as likely to improve. From a different analysis, using pooling of the risk difference, the number needed to treat was 4; in other words, 4 individuals would need treatment with antidepressants to improve 1 patient's symptoms.
The magnitude of benefit also appeared clinically significant. Study patients experienced a range of improvement in various symptoms of fibromyalgia, from 0.2 standard deviation units improvement in the number of trigger points to over one-half standard deviation improvement in average pain scores. To put this finding into context, effect sizes of 0.2, 0.5, and 0.8 standard deviations are commonly considered mild, moderate, and large treatment effects. 31 When original units could be combined, there was evidence of substantial relative improvement: from 9% fewer trigger points to 26% less pain. Therefore, the symptomatic benefits of antidepressants appear to be mild for fatigue and number of trigger points, and moderate for sleep, overall well-being, and pain severity. Of the 5 continuous measures of fibromyalgia symptoms, only the number of trigger points was not statistically improved. Although the syndrome of fibromyalgia is well described, its etiology and pathophysiology are poorly understood. [32] [33] [34] There is some evidence that patients with fibromyalgia have a heightened pain response, [35] [36] [37] as well as abnormal sleep patterns. [38] [39] [40] [41] Neurohormonal abnormalities, physical or emotional trauma, psychological stress, and infectious causes have also been postulated, although no single etiologic factor has been identified. 2 Thus, there may be several mechanisms by which antidepressants improve fibromyalgia symptoms, such as pain control, mood stabilization, and improved sleep. Disturbed sleep is particularly interesting, as this may be both a causative factor as well as a symptom of disease. If abnormal sleep precedes the development of fibromyalgia, the effect of antidepressants may be primarily associated with improved sleep.
Traditional methods of pain control such as nonsteroidal anti-inflammatory medications (NSAIDs), while the mainstay of treatment for degenerative and inflammatory musculoskeletal disorders, have not been very effective in the treatment of fibromyalgia. Several studies have compared NSAIDS to tricyclics and have found no benefit in symptoms with NSAIDs alone, and no synergy when used with antidepressants. 2, 18 Only 3 of the trials assessed the effectiveness of SSRIs on fibromyalgia. [23] [24] [25] While we found no difference in the efficacy of SSRIs and the other drug classes studied, the small sample size of studies makes it difficult to assess relative efficacy. Other meta-analysis of the efficacy of SSRIs for symptoms have included headache, 42 and psychogenic pain. 43 These also found no differences between tricyclic antidepressants and SSRIs, although these metaanalyses were also hampered by the paucity of trials using SSRIs. One large meta-analysis evaluating antidepressant effectiveness in chronic, unexplained pain found tricyclic antidepressant studies to be more likely to show benefit than SSRIs. 44 Tricyclics have been found to be more effective than SSRIs in treatment of neuropathic pain. 9 One of the trials in this review found that the combination of tricyclics with SSRIs was more effective than either alone. 23 Well-designed, randomized, controlled trials are needed to assess the relative efficacy of different classes of antidepressants in fibromyalgia. Does responsiveness to antidepressants then imply that psychological factors also play a role in fibromyalgia? There have been numerous studies demonstrating that patients with underlying psychological disorders are more likely to seek medical care for their symptoms. [45] [46] [47] In addition, patients with depressive or anxiety disorders tend to rate their physical symptoms as more severe. [45] [46] [47] Most trials (10/13) in our review included some baseline measure of psychological disorders. The Beck Depression Inventory or Hamilton Rating Scale were the tools used most frequently in reporting depressive symptoms in study subjects. However, this assessment was only included in the analysis of 5 trials. 15, 23, 24, 26, 27 Four of the 5 trials which did do such an analysis found no relationship between improvement of fibromyalgia symptoms and change in the depression scores. 15, 23, 24, 26 Since most studies treated patients with subtherapeutic doses of antidepressants and for relatively short duration, it seems unlikely that the benefit is entirely due to antidepressant properties of these drugs. However, without fully controlling for the effects of antidepressants on psychological disorders, it is impossible to know if the efficacy observed with antidepressants in fibromyalgia is mediated through or independent of an effect on depression.
This literature has several limitations. One limitation, common to many studies, was the question of adequate blinding. Most studies either reported no measure of blinding or provided evidence that adequate blinding was not achieved (Table 2) . Given the side effect profile of antidepressants it is easy to understand how blinding would be difficult to attain, regardless of the use of identical placebos. Inadequate blinding in previous randomized trials has led to erroneous conclusions regarding treatment, such as vitamin C's benefits for the common cold. 48, 49 A second limitation is that included studies were relatively short in duration, only 8.7 weeks. This is a particular concern in a syndrome such as fibromyalgia that tends to have a chronic course. The short duration of study treatment limits the ability to know whether the benefit will persist over time, or what the optimal duration of treatment should be.
Despite these limitations, our analysis suggests that antidepressants are effective in fibromyalgia. Physicians can expect to see improvement in 1 patient for every 4 treated, with over one-half standard deviation of improvement in pain severity. The myriad facets of fibromyalgia appear to be generally improved with the use of antidepressants. Further research is needed to assess the relative efficacy of different classes of antidepressants, as well as whether such efficacy is independent of an effect on depression.
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